.0001] for the number of channels selected out of 16 channels. Post hoc tests showed no significant difference between the scores obtained with the 12-of-16 processor and the 16-of-16 processor.
DISCUSSION
Our previous studies 1 showed that in quiet, only 4 or 5 channels of stimulation were necessary to achieve greater than 90% accuracy in sentence understanding. The present study shows that this is not the case in noise. At a +2-dB S/N, where performance is not constrained by a ceiling effect, speech understanding improves significantly as more channels are added. Twelve channels were needed to reach maximum performance. Using 16 channels did not produce any significant improvements in sentence understanding compared with the 8-of-12 processor (92% versus 90% correct). The results of this study also show that if a small number (<12) of channels is used, then a SPEAK-like or "n-of-m" processor may offer some advantages in noise compared with a fixed-channel processor (ie, an m-of-m processor). The mean word score obtained with a processor that selected, in each cycle, 6 of 8 channels (6-of-8 processor) was significantly higher than the mean word score obtained with a processor that selected all channels (8-of-8 processor) for stimulation. Seven of the 10 listeners showed a decrease in performance listening to speech processed through an 8-of-8 processor versus a 6-of-8 processor. These results are consistent with those reported by Kendall et al. 5 Overall, our results suggest that cochlear implant patients may gain more benefit in noise using an n-of-m strategy (eg, such as the one currently implemented in the Med-El Combi-40+ device) rather than a fixed-channel strategy (ie, an m-of-m strategy). 
MODELING PHONEME AND OPEN-SET WORD RECOGNITION BY

INTRODUCTION
The overall goal of modeling speech perception by cochlear implant (CI) users is to understand the sensory and perceptual mechanisms that CI users employ to understand spoken language. Frisch and Pisoni 1 (also Frisch et al, this supplement, pp 60-62) have developed mathematical models to predict open-set phoneme and word recognition from closed-set feature identification scores for a group of children with profound prelingual hearing losses who use CIs. In the models, individual phonemes are characterized by their various phonetic features. Probabilities of identification of various phonetic features are obtained from vowel and consonant confusion matrices and are used as input parameters to 2 variations of the model. In the first model, candidate responses in an open-set word recognition test are generated by stringing together the most likely phonemes on the basis of feature identification scores. This version, referred to as the Phoneme Confusion Model (PCM), 1 assumes that a word is recognized by identifying each phoneme independently of the others. A model of open-set word recognition that is psychologically more plausible than PCM includes an additional step, in which a lexicon is searched for a possible match to the model output. This model is referred to as Syllable Position Alignment for Matching and Retrieval (SPAMR; this supplement, pp 60-62). The SPAMR model uses an on-line version of a Webster's pocket dictionary 2 as an approximation of the mental lexicon, and it finds the word in the lexicon with the greatest number of phonemes matching the model output. In the present study, we obtained predictions of open-set spoken word recognition from averaged vowel and consonant confusion matrices from a group of adult CI users.
METHODS
Data. Vowel and consonant confusion matrices 3 obtained from 7 adults who were experienced users of the Nucleus 22 CI with the spectral peak (SPEAK) strategy 4 were used as input to the PCM and SPAMR models. Although the confusion matrices for the individual CI users were available at the time of the study, each CI user heard only 12 repetitions of each stimulus. The average word and phoneme scores on the consonant-nucleus-consonant (CNC) test 5 for the 7 CI users were compared with the predicted scores from the outputs of the PCM and SPAMR models.
Model. The average vowel and consonant confusion matrices were input to the PCM or SPAMR models, which generate strings of phonemes as possible responses to the stimulus. Given a particular word as input, the models output different strings of phonemes with the proper statistical distribution for the identification of different phoneme features. For example, if the stimulus were the word "seek" /sik/, the model would output /sik/ a certain number of times depending on the feature identification scores. The models might also output "zut," "fak," "seat" /sit/, or "sick" /sik/ as possible responses that are similar to the target word. The PCM model would simply keep track of the number of correct phonemes and words. The SPAMR model, however, would find "seat" /sit/ or "sick" /sik/ in the lexicon, and the number of phonemes would be counted, but it would not find "zut" or "fak." The SPAMR model would search the lexicon for the word or words closest in phonemic structure to "zut" or "fak" and consider these the responses. The numbers of words and phonemes correct were calculated from the model output and compared with the numbers of words and phonemes obtained by the CI users.
RESULTS
A comparison of the average observed and predicted performances on the CNC test is given in the Figure. First, note that the PCM model, which does not use a lexicon, underpredicts the observed performance in words correct. The PCM model predicted only 40% words correct, whereas the listeners actually obtained approximately 51 % words correct. The SPAMR model, which includes a lexicon, obtained 55% word identification and 80% phoneme identification, which was quite close to the observed CNC scores for words (51 %) and phonemes (76%) correct, and thus provides a better prediction of observed performance than the PCM model. Comparing observed and predicted performance in phonemes correct shows that both models make predictions that are very close to observed performance.
SUMMARY
On the basis of the good predictions for phonemes correct, we conclude that closed-set feature identification may successfully predict phoneme identification in an openset word recognition task. For word recognition, however, the PCM model underpredicted observed performance, and the addition of a mental lexicon (ie, the SPAMR model) was needed for a good match to data averaged across 7 adults with CIs. The predictions for words correct improved with the addition of a lexicon, providing support for the hypothesis that lexical information is used in openset spoken word recognition by CI users. The perception of words more complex than CNCs is also likely to require lexical knowledge (Frisch et al, this supplement, pp Observed and predicted performance for CNC words. Percent words correct is shown in left portion of Figure, 60-62). In the future, we will use the performance of individual CI users on psychophysical tasks to generate predicted vowel and consonant confusion matrices to be used to predict open-set spoken word recognition. 6 The CLARION® Multi-Strategy™ Cochlear Implant was designed to offer flexibility in speech processing to accommodate new schemes as they are developed and to offer options to each individual user. ' The purpose of the present study was to examine patient benefit from 2 radically different speech processing strategies in the Clarion implant. The Simultaneous Analog Stimulation (SAS) strategy employs digitally reconstructed waveforms that stimulate all electrodes simultaneously. In contrast, the Continuous Interleaved Sampler (CIS) strategy is a nonsimultaneous scheme that delivers pulsatile waveforms sequentially across the electrodes.
The results of a previous study showed that approximately one third of the patients preferred to use SAS, and two thirds preferred to use CIS. 2 Significantly higher consonant-nucleus-consonant (CNC) word recognition scores were demonstrated by the SAS users than by the CIS users after 3 months of implant use. Examination of the relationship between patient characteristics, strategy use, and performance revealed that 2 variables were significant and independent predictors of the 3-month CNC word score: the duration of deafness at time of implantation and the preferred strategy. 3 That is, patients with a short duration of deafness achieved higher word recognition scores than did patients with a long duration of deafness, and patients with a similar duration of deafness performed better with SAS than with CIS. The present study extends the results of the previous ones by examining performance after 3 and 6 months of implant use. In addition, sentence recognition was assessed in noise at the 6-month interval.
METHODS The subjects consisted of the first 58 patients enrolled in the study who had been evaluated 3 and 6 months after implantation as of this report. All patients had profound Speech recognition performance was evaluated before and after implantation by means of the CID and Hearing In Noise Test (HINT) sentence tests and the CNC monosyllable word test. 4 · 5 The HINT sentences (2 lists of 10 sentences) were administered at a fixed level rather than adaptively. The stimuli were presented at 70 dB sound pressure level (SPL) in the sound field. At the 6-month postoperative interval, HINT sentences (2 lists of 10) were administered in the presence of spectrally matched background noise at a +10 signal-to-noise ratio. Before implantation, the measures were administered in the best aided condition. After implantation, the tests were administered while the patients were using their preferred strategies (ie, SAS or CIS) in their Clarion speech processors.
At the time of initial stimulation, the patients were fitted with SAS with bipolar stimulation and CIS with monopolar stimulation. The first 36 patients in the study received the 1.2 speech processor. The next 22 patients received the S-series speech processor, which was introduced after the initiation of the study. The patients were instructed to use each strategy as often as possible in a variety of everyday situations. 
RESULTS
